INTRODUCTION

Jefferson Laboratory Accelerator
The Jefferson Laboratory of Newport News, VA operates the largest continuous beam electron accelerator in the world. Approximately 344 superconducting RF cavities operate at a resonant frequency of 1.497 GHz to accelerate the electrons as they pass through each cavity. These cavities are designed and built to exacting geometric tolerances. However, precise adjustments must be made to the length of each SRF cavity in order to finetune each cavity and synchronize their resonance frequencies during accelerator operation.
Jefferson Laboratory uses a mechanical system as shown in Figure 1 . The system uses a rotating stepper motor at room temperature to drive a wormwheel gear reduction connected to a ball screw shaft. As the shaft turns, the two cell holders are squeezed together compressing the cavity and changing its resonant frequency. This mechanical system is relatively simple in concept; however, it is difficult to use for accurate cavity tuning.
In operation, this system, like any other mechanical assembly, has backlash. In addition to the elastic behavior of the components, split shaft couplers are used for the rotating feed through to allow for thermal contraction during cool down. This split assembly adds to the inherent backlash of the system. Figure 2 . 
Helium
Actuators
An MSM-based actuator consists of a rod of MSM surrounded by a coil. When current passes through the coil, the rod elongates and the motion can be used to do useful work. Energen, Inc. offers several models of actuators for precision positioning motion up to 300 pm as shown in Figure 3 . These devices are ideal for applications where short stroke and high force and rapid response are needed. The response time for these actuators to move their full stroke ranges from 25 ps to 300 ps. Complete specifications for these actuator are available on our website [4] . 
Linear Motors
Energen has developed a linear motor capable of long range,motion. The stepper motor actuator consists of a shaft held by a pair of clamps. The shaft consists of a linear actuator with a connecting rod extending from each end. Energizing the MSM actuator contained within each clamp causes it to release its hold on the connecting rod allowing it to move axially. A photograph of two Energen stepper motors is shown in Figure 4 . Detailed information about the stepper motor operation has been presented previously [2] . 
Control Electronics
The control electronics for the linear stepper motor enables a wide range of motor operational flexibility through a digital state control circuit. In addition to setting the operating mode (stepper' or fine tune), the direction of motion, the step size, and stepping frequency can be adjusted. More recently, a computer interface for the motor controller has been developed. This' interface enables computerized operation of the stepper motor through either stand-alone application software or using subroutines callable from C, Visual Basic or Labview programs. The supported communications protocols between the computer and the controller are RS-232C, RS-4221485 and USB.
CAVITY TUNER
Cavity Interface
Under a Cooperative R&D Agreement (CRADA) between Energen and Jefferson Laboratory, Energen obtained a 5-cell SRF cavity from Jefferson Laboratory for the testing of the tuner. The Energen tuner was designed to be a replacement for the mechanical tuner that is currently used providing the added benefit of better tuning resolution.
A drawing of the tuner connected to the cavity is shown in Figure 5 below. The end cells of the cavity are attached to a cell holder. The inactive cell holder (shown on the right side) is rigidly connected to the end plate by four connecting rods. The active cell holder (shown on the left side) is free to move axially. The end plate and the active cell holder are connected to a lever arm by stainless steel wire ropes. The linear stepper motor is mounted on a platform beside the SRF cavity. When activated it pushes a rolling contact against the lever arm. The rotation of the lever arm pulls the active cell towards the endplate stretching the cavity along its axis thereby changing its resonant frequency. When retracted the stepper motor can be mechanically disengaged from the tuner system, 
Mechanical Testing
Diagnostic testing is relatively easy because the stepper motor operates at temperatures as high as 150 K. Energen has been testing the mechanical performance of the SRF cavity tuner at liquid nitrogen temperatures at our facilities. Figure 7 is a photograph of the five cell cavity and tuner assembled and tested at Energen's facilities. The tuner assembly is designed to extend the cavity a total of 3 mm in length corresponding to a dynamic tuning range of 300 kHz. Our preliminary tests have been conducted over a tuning range of 1.8 mm. Further scheduled testing will extend this range.
Accelerator Conference, Chicago The SRF cavity and tuner are presently being prepared for frequency testing. The cavity will be sealed and evacuated. A RF injection port and antenna at opposite ends of the cavity will enable us to measure the resonant frequency. 
CONCLUSIONS
Energen, Inc. has designed and built a tuning mechanism for superconducting radio frequency (SRF) cavities used in particle accelerators. The prototype is designed for a five-cell cavity, but can be easily adapted to other cavity configurations. Preliminary tests demonstrate cavity elongation of 1.8 mm corresponding to a tuning range of 18OkHz at a nominal resonant frequency of 1.497 GHz.
